A series of bis(diphenylbromostannyl)alkanes of the type (C 6 H 5 ) 2 BrSn(CH 2 ) n SnBr(C 6 H 5 ) 2 , where η = 6,10 and 12, and a series of bis(tributylstannyl)carboxylates of the type (n-C 4 H 9 ) 3 Sn0 2 C(CH 2 ) n C0 2 Sn(n-C 4 H 9 ) 3 , where η = 2,6,10,12 and 14, were prepared. Tin-119 solid state NMR of the carboxylates indicated that the compounds contain five-coordinate, structurally-equivalent tins in the solid state. Adduct formation with triethylphosphine oxide (TEPO) for both the alkanes and carboxylates was monitored by phosphorus-31 NMR. Equilibrium constants for the alkanes were approximately independent of chain length from η = 6 to 12, while for the carboxylates, the constants for η = 2 and η = 14 were small. Equilibrium constants for the intermediate chains were approximately the same. Solid state NMR shows that the 1:1 TEPO adduct of the η = 12 carboxylate contains two different tin atoms, both of which are five-coordinate, and that the adduct is probably not symmetrically chelated.
Introduction
Multidentate Lewis acids have been subjected to increasing attention ι during the past several years . Tin is an ideal atom to incorporate into organic molecules as a Lewis acidic site: most tin precursors are relatively cheap, synthetic methods are plentiful, and only one attached electronegative atom is necessary to confer considerable Lewis acidity. In an attempt to understand better the behavior of these potentially bidentate Lewis acids, we have prepared two series of tin compounds-halides and carboxylates-and have determined the equilibria present in their reaction with triethylphosphine oxide, the equilibrium constants for 1:1 adduct formation, and the structure of the adducts formed.
Experimental
Grignard reagents were prepared under an argon atmosphere in ovendried glassware. Other preparations were performed in dry glassware, but without an argon atmosphere.
The preparation of the bis(diphenylbromostannyl)alkanes followed the procedure of Newcomb, et al . Although the bis(triphenylstannyl)alkanes were separated by chromatography on alumina using toluene as eluent, reverse phase chromatography on Bakerbond Octadecyl (elution with acetonitrile), as suggested by Newcomb, et al., was necessary for the separation of the products of the HBr cleavage reaction from byproducts and starting materials. The spectral characteristics were identical to those reported by Newcomb, et al 2 .
Bis(tributylstannyl) carboxylates were prepared by reaction of the appropriate dicarboxylic acid with tributyltin oxide in toluene. Water produced was removed by azeotropic distillation (Dean-Stark trap). Removal of toluene under vacuum led to precipitation of the compounds in good purity. Analytical data (Schwarzkopf Microanalytical Laboratories, Woodside, NY), melting points, yields, and carbon-13 NMR chemical shifts are reported in Tables 1 and 2 . 4, 25.6,32.7,128.9,130.0,135.9,138.4 10 17.9,26.0, 29.0, 29.5,33.6,129.0,130.1,135.9,138.6 12 17.7, 25.8, 28.9, 29.3, 29.4, 33.5,128.8,129.4,135.7,138.5 (n-C 4 H 9 ) 3 Sn0 2 C(CH 2 ) n C0 2 Sn(n-C 4 H 9 ) 3 2 13.7,16.4, 27.1,27.9,30.9,180 6 13.7,16.4,25.8, 27.0, 27.9, 29.1, 34.9,180 10 13.7,16.4,25.8, 27.1,27.8, 29.4, 29.4, 29.5,34.9,180 12 13.7,16.4, 26.0, 27.1, 27.9,29.4, 29.5, 29.6, 29.7,35.0,180 14 13.7,16.4, 26.0, 27.1,27.9,29.4, 29.5, 29.6, 29.7, 29.8,35.0,180 a Relative to internal TMS in ppm.
Equilibrium constants were determined from phosphorus-31 chemical shifts measured as a function of concentration using a schematic mapping ο program as described previously . All compounds were vacuum dried and solvents were dried over molecular sieves before NMR analyses. All NMR spectra were obtained on a Varian UNITY 300 MHz instrument with an operating frequency of 75.43 MHz for carbon-13,121.42 MHz for phosphorus-31, and 111.85 MHz for tin-119. Gated decoupling with no nuclear Overhauser effect was used for all nuclei. Phosphorus-31 spectra were obtained with a coaxial inner tube containing trimethylphosphate as a reference and acetone-d 6 while the coaxial tube for tin-119 spectra contained tetraethyltin as a reference and acetone-rf 6 . Phosphorus-31 spectra were examined at temperatures down to -40 °C and displayed no significant linewidth variation. Tin-phosphorus coupling was not detected. Solid-state CP/MAS tin-119 NMR spectra were obtained with a Doty 5 mm high speed probe. Three or four spin speeds from 1.5 to 4.5 kHz were used to establish the center band(s). Tetraphenyltin was used to establish the Hartman-Hahn conditions (2 ms contact time) and triphenyltin chloride was used as a replacement reference.
Results and Discussion
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Several slight modifications of the Newcomb, et air, procedure for the synthesis of the bis(diphenylbromostannyl)alkanes were explored. For the cleavage of the phenyl group, hydrogen bromide gas was bubbled continuously into a solution of the bis(triphenylstannyl)alkane over a period of about 18 h. This procedure did not produce significant quantities of product. Likewise, concentrations of hydrogen bromide in methylene chloride of less than 0.15 Μ were less effective than concentrations of 0.2-0.3 M. In our hands, the most effective reaction conditions appeared to be slow addition of the hydrogen bromide solution over a 2 h period to a 0.2 Μ solution of the alkane in methylene chloride at -78 °C, followed by ten days at room temperature. The bromo derivatives are slightly sensitive to atmospheric moisture and require a minimum exposure to air.
Of the two procedures utilized for the synthesis of the bis(tributylstannyl)-carboxylates, the reaction of the tributyltin oxide with a dicarboxylic acid produced product in greater purity than the reaction of tributyltin chloride in methylene chloride with the sodium salt of the acid in water 4 .
In order to determine the structure of the carboxylates in solution the tin-119 NMR of both the solution state and the solid state were obtained. These shifts, shown in Table 3 , reveal a significant difference between solution and solid, with the solid state shifts being to lower frequency. This trend is consistent with a change in coordination number from four to five. The solid state shifts are also in the area previously observed for five-coordinate carboxylates 5 . It is interesting that the magnitude of the shift depends very little on the number of carbons in the bridge and that there is only one type of tin in the lattice. Presumably, in the solid state the molecules are intermolecularly coordinated through a carbonyl-tin bond. In solution, the magnitude of the shift and difference from the solid state indicates that the compounds are monomeric and contain four-coordinate tins. This is substantiated by the concentration independence of the tin-119 chemical shift (although this would also be observed if there were intramolecular coordination).
The interaction of these potentially bidentate Lewis acids with a Lewis base is of interest because of the possible structures that could be formed. The most likely are a 1:1 adduct with base attached to just one tin site and a 1:2 (acid to base) adduct with a base molecule attached to each of the tin sites. Less likely is a 1:1 adduct with the base attached to both tin sites. The equilibria involved in the reaction of triethylphosphine oxide (TEPO) and the alkane and carboxylate series were determined by monitoring the phosphorus-31 NMR chemical shift of the solution as a function of concentration. Only one resonance is observed in solution as a result of the lability of the adduct. If the initial concentrations of the acid and base are equal and only a 1:1 adduct is formed, then a plot of shift vs V(shift/conc) will be linear and can be used to obtain the equilibrium constant 3 . For most of the compounds, five to eight solutions of different concentrations were used to establish these plots; in several cases where the lines were particularly curved, schematic mapping with 40-60 data points was Ο used to determine the equilibria present . Even in cases with considerable curvature, formation of the 1:1 adduct predominates. For l,6-bis(bromodiphenylstannyl)hexane an analysis with 56 points produced Κ (1:1) = 190 ± 15, Κ (1:2) = 670 ± 800. The F-test at the 95% confidence level showed that addition of the second equilibrium is statistically valid, but the magnitude of the equilibrium constant for the addition of a second mole of base to the 1:1 adduct is so small (3.5) that the majority of the reaction mixture exists in the form of the 1:1 adduct regardless of concentrations.
The data in Table 3 show that: (a) the alkanes and carboxylates of the same chain length have similar acidities toward TEPO (except perhaps for η = 6); (b) the alkanes have acidities similar to triphenyltin chloride (K = 2 χ 10 2 in methylene chloride) while the bis carboxylates appear to be considerably more acidic than analogs such as tributyltin acetate (K = 13 with TEPO 5 ), (c) for the carboxylates the equilibrium constants for 1:1 adduct formation increase with increasing chain length and then appear to level off or even decline; and (d) for the alkanes the equilibrium constants appear to be virtually independent of chain length from η = 6 to 12. If the effect of the solvent is taken into account (for the TEPO adduct of (CH 3 ) 3 SnCl, the constant in toluene is about 1.5 times greater than in methylene chloride 6 ) the constants may even decrease slightly as the chain length increases.
The structure of the 1:1 adducts-whether mono-or bidentate-is central to the analysis of the equilibrium constant data. The tin-119 solid-state NMR of the TEPO adduct of the bis carboxylate with η = 12 showed peaks of approximately the same intensity at -58.8 and -66.3 ppm. The presence of two peaks eliminates a symmetrical chelated structure (but does not eliminate an unsymmetrical chelated structure, although the similarity in shifts suggests that the coordination at the two tins is very similar). We favor a non-chelated structure that contains one tin coordinated to TEPO and the other to the carbonyl of a neighboring molecule. Thus, in solution, we suspect that the 1:1 adducts are all simple nonchelated monomeric species.
The structural variation in equilibrium constants can be rationalized by the effect of the second Lewis site on the acidity of the first. It would appear that the electronic effect of a diphenylbromostannyl group or a tributylcarboxyl group on the acidity of a given tin site should be greater with shorter bridging chain lengths. However, an examination of space-filling models indicates that the end groups can actually approach more closely as the chain length increases due to greater conformational mobility. When the chain is very small (η = 2) the group is large enough and close enough to produce considerable steric hindrance at the acidic site. Thus, with very small chains, it appears that steric hindrance may inhibit adduct formation, but with larger chains the electrostatic field effect (probably primarily a charge induced-dipole effect in the adduct) stabilizes the longer chain adducts more than the medium chain adducts. As the chain length increases beyond a certain point, the additional conformational mobility does nothing to decrease the distance between the end sites and moreover the decrease in entropy resulting from a significant amount of end-to-end interactions results in a decrease in equilibrium constant.
The greater difference in acidity of the bis(tributylstannyl)carboxylates (relative to simple tributylstannyl carboxylates, such as the acetate) compared to the bis(bromodiphenylstannyl)alkanes (relative to triphenyltin chloride) is probably a result of the greater dipole moment of the carboxylate site.
